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I. LNTRIDUSIIIY

This +thesis Is pact of *the lony term effors of :h2 Naval
Postgraduate School €3 collis=ce a r
el-tromacnetic neise on taz sea floss 224 £r

szation. The pocjec='s odjeczive iz %3 s4u
f!

~h2 imocr*ance oI obtilazing m=zasazzuznts oI g2dumzgne-cics
ncise on ths s23 Zlccr 2rd en land dvar 2 periad of ssveoal
yeaircs.

The specific osbec*ives o¢f this thesis arz +twofeli; <>
calibrate, install, anl operatz taz land 3d3:3 c¢ollection

3
system; and t5 3esveldoes 2 comp

data recoried +o proviis 23sily uat:liz=d in<srpre=ive
f22+21s.

L]
ae  ITMZ VARIATICONS OT THI GECUAAGNITICZ FIELD

The ear<h's magretic £i2131 hzs bHzzn used £or zen=zars
Zfor naviga*ion at sea 31l £
Thze cCcCRMOn 1S48S &r
£iz14. The static fie
megrne+tic dipole at 3 1
rotatiorn of ths earth. L%
5as irn directicn. Its naga
c+ths surface ot usuz2lly is
70,000 nano-Teslas (nT). A+ Montaray, C
£ s a value >f 48,6J3) nT.
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underlyingy variations L1 +
kncwn. Ta2se variacions are 3Jus +

sources inclide, but 22 no= limi:z=3d *o, solar
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ac-ivities, lunar daily varia<ions, 1a2gne%ic sto-ms, +thun-

ders*orms ir the earth's atmospherz, <ear<hquikss, and %hz

de~onation of nuclsar dsvizas. Jnz 5I ths major conrntributors

to this is *he intsractisr of the chacjyed rartizles £rom =zhs

sua with the earth's magnatosphare. Thase events vary widsly

in dura+ion, amplitude, 2131 “he fragi2ncy range they zffece.
m m

Within the <£frequency rany2 c¢f this systa

variaticns are chatacterizasd as micsoyoulsa<iorns,

Gecraanetic micreoulsatinmns zrz 1z2fined w2 D= e na-
=ions in %he 23z%th's npagyn3tic fi2131 which havs pszi "s foz2a

T.2 secords =0 10 miru=2s. Th=ay vary i
t £

nT “c as hich as 2 few tz18 2 T aey ar= atzri_gced =3
“k2 irteracticn of groups of zhzary21 particlss prcpzgating
ir the earti's nagne+c¢sphare 3as hyironagratic wavss, Thzsa
waves irnturn crz2ate +“he s>i1rcs curraats, (crimzziiy in *%g2
icasphere), £27 *hs micropulsatisa fFizlé. Miccopulsa<tisrns
zzz dlvidéed ia%4c +we 3adsa*=z3yorizsy  irregnular  arnd conti-
nudus, The abrsaviz<ioas Zor 4<hsszs e pc for gulsaticnh
cca-inucus =223 pl Zer pialszticn irzzagnlar, Ih= oITimacy
diZfzrernce betw=2en the %4> Is thit tas opc mizoopulszastions
hav=s a semi-sinusoidal nature whils %12 pi micrcopulsatiosns
show irregularitiss in bhoth aaplituisz and <f-zjuency. Tha
periocd -—engses and average ampiituds for +hese pilsz+iosns ars:

el
~isted ir Table I, (Ref. 1].
a2l

he overwhelming majsri+y of thsz pulsations iz =<his
r z2tivity, In addi=ion,

€raquency rangz are duz to s>la
aumanrn" resoanances will alsd> bs 2
6-8 Hz., Thesa2 Cszsconiaacas are J

e
a 1

in *he corncentric spharical zavity between ¢

surface and ths ldwer ra2gis>n c¢f *h 2
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FABLE I

Geomagnetic Yicropulsatizsa Classss

R o amui i S

Yotation Perisd (52:) Anpli+uds(rl)
=1 0, 2=5 0.05~C.1
ba2 1233 3.3-9
pc3 13-45 J.1-1
pcé 43-159 J.1-1
P35S 150- 609 1-10
pil 1-40 1.91=0.1
pi2 43=-150 1-2
SYSTEY DESCRIPTION
e 37
27m

I__.

T

Pigure 1.1 S2nsing C3il Dimension
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f B s Bt el B I S N A it B ittty

The nsSorT system ciccan*ly smoldoysd consists of a threa
cell land system deploy=l at La M3sa Villages housing area,
approxima*ely 2 km from tie Naval P>stgraduate School datz
collecticn center, and 2 t#o coil s231 system da2play=2d orn %h2

bottom <c¢f Mon*tersy Bay. I*ts distance +»> +he VNaval
Postgraduvates School (NPS) vari=3] Sfrom 2 to> & kn. Tha
criqinal intantion o0f thz project 43z to deploy <he lanid
y3-em &pproimately 22 allzs £z3 taz Naval 2ostgraduats
Scacci a% Chew's Ridge. ©Tais provai Iapcssiblz dus =2 d2%2
traasmissicn difficul+iss, S2s Apeczniix B I3 aidisional

inZcoma+ion on this size,
Pach sensing coil is 3 coa+tinidoisly wound coil arntzanzz
maie up of approximately 3460 turns >f 18 gaugs copper Wwirz.
acrsz ©°o% sach co5il is J.3825 sguars

i5ns arsz as 3Iz20ic=sd ia Figucze 1.1
c5ils mcunt21 octhogenally, 1sually

v
plans, The and sys+em ceolils ars 25£fix:=13

S23 system cannet be dstarminad whan Jenloyei. Ths lz211
sysztem is oriznted wita “ane X-co2il in *he magna2tic ncrih-
soa*=h direction , Y-coil 11 th2 magnztic sasz-w2st dir=sc+ion
and +*he Z-coil in the varzical.

h

The <“wo systams wsr2 design2d t2 b2 a3 similar a3
ossible The coils, oz22mpiifisr, 3ignal c31ii<iznsr ar
pulse code modulator (PCH) ars idan:iczcal in

a i ol

1l calibra*ed to insurs &

tach hzss i1%2ms may be £2und in
[R2f., 37 . The land system is dsployed as shown in Tigqura
1.3. Thke pre-amplifisrs ars battzry powersl ani located
. within or2 foot of the =oils. Thz =511 mourn< aad pr=zampli-
= fiars were positionel 1ipproximat:zly 50 me4tars <rom %as
{; sigral cenditisnars, and zonnect=2i by +*hree c52xial cables.
L .
-
- 1
.
L_
Ee
e
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Pigure 1.2 Sensor Moaating Block

Tha signal conii*isners, 2CM boarl 212
koased in a small wooden 21ilding ani pow
supplies. This building is +ths z1losss: sourcs 2
cur-en<.

After the 3a*a has b=22n enzod2l sy th=2 PC4, i< is trcan
smitted by VHF radic 3Iata liank t> <22 Naval PcstgZaduat=
Schecel fer recording.

C. DATA COLLECTION AND PRICES3ING

Lard and sea data 1re simultan=zously rcesceived ani
recorded on sazparate channels of 11 3n2lcg <tw2pe Caccrder.
Each tape hclds 60 +o 129 mninutes 5f 3axa. These “3apes must

12
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o
w
o
H
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[ ]

be deccded 2and r2-recordi2i crto 1i3i=al +ap
aa mput

in-frame ccmpu*er it the Churzi Compute

8]

u T
diyital +ap= con*ains 9) ainuzss of 1land cr s=2a d4a*+3, Zacs
0f <hese digital <apzs is <th2n p hrou
ccaputer projyr-am, (See Ciap+tar 3, 3S=2c+%ion Cu), ¢
trh2 plcts of the various iaterpra+ivsz factnors

for <bks d2tails of tha r=22oriiny, d=2co0diay 324 ce=r-a-

cording cn digital taps.

13




IT. SYSIEY CALI3EAILIN

A. INTRODUCTION

The <riaxial <ccil najaetd
e

1
2.1. Tke 4a<a s=ns52d by <his

;i Fizur agnssomstsr syssem is
{” givsrn by Vg (), V (%) aaid 73(10; th: cutout vsiz2ges gsn3T-
a=:zd bv the :nput magnet« £ie¢lds, Ti12 sys*=n coansizs func-
tis>n mus<t be iz<erminzl s> =-a2:  =hs az33iz=ic  fiaid

=
o
m
'
W

i5X,Y,2. I* is moc2 convanisnt %> express Ign. (M in

<h2 frequency iomain.

V, () =2, (w)3; (W) . {2}

;} Thz <ransfer function i, (w) <can :zasily be destesraminzd in
!i terms ¢ +he rati of ocutpu* to 31 iaput “est sigrzl cr by
3 analysis of ~hsz measur21=21t system's proper+iss.
.- The rex* sec*ion discisses the =:>dmponants >f “he sys:ten
:}- anl attempts *o d=veldp 1 systs 5321, The 1las: sac+tion
b
P dascribes th2 calibration aeasuraaz2n:s and “hes 2xperimental
Ff determiraticn o2f ¢he “ransfer functioa.,
h -
-
L~ - -
- B. SYST:EM DESTRIPTION
b"‘(
!! The Indivijual +*raasfar faincei>tr £or the sensing coil
!' 2 ~e

-
3
.- Ve o) = JWKB (w) (3)
9
L

14
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lac.awLIFIER
2-C0IL > | anp rauTER PRE-CONDITIONER v e
PCH B0ARD
@3 PRC-AMPLITIER V(v 1
1.0t {5 | awp rrutTa PAC-CONDITIONER ? {

o | rre-aLInimn ey
*1 mip ruT PRE-CONCITIONER s

e

Figure 2.1 Syst2a Compon2nt Zonfiguration

whare V. (w) is <he spectsam o5f %12 voltage dizszcely out of

the coii and K is 2 gain Zaic+cr.

Tke r2x* component in the sys%z1 15 the pr2aaplifizr low
pass filiter, The preamplifizr intr>3azes 2 3aiar 2fF 1000 s2
“h2 vecltage signal can b2 s2pt %> =cz=mo*e instrumsn+tation,
Th2 low vpass filtsr s 1 fivz polz Chebyshzv witk 2 338
cutoff a= 20 Hz. The fil:2r is orinacily us=23 +> rcemove 5)
Hz sigrais froa ths systza and %> prafil<er thz data befors
it is digitized. An addi<ionzl pol2 is in*roducz3 bzcause of
a capacitive coupling bate¢zen the sz:ord and third stages of
the fil<er. Pigure 2.2 shows 31 pdlz-z2ro diagran <2£f =he
pr2amplifier, The *ransfa:c function :akes “he form:

H(J) 3K/ (Jw+a) (Web) (Jwr2-3Q) (Jweseil) (Jues-9) (dwez+3f) (4)
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whare K is <he gain of <a2 p:22
a - £ are determined from the pc
The pr2conditioner aas additior

o

1000 arnd has zener diodss to 1i voltage

PCY board. Typically th2 z-1+0ff is az>and 7 ¢ 3 volts

The magnitude and phase rzsponsz 2f *he oreampl
filter arnd preconditicnscs arz showa 11 Figurss 2.3 +«
2.3. The inzpu:t +%2s¢ sigynal g=znsraziazy +h2se cucvas ha
marnituce and phase character a3s shdwn In Figaszs 2.9
fiyures then rszprassnt th2 actual *-azsfar functions
przamplifiers-£il+er prscoadi+isnzr sys<zm £27 <*he

)
sultin transfer fi1ac+ion is
linsar a2t the low frequanzy =2ni.

C. DETEEMINATIOY OF THE SYSTZM ITRANSFER FUNCTION

z
a3l gair of approximataly
&

. Bas=2l1 on thes2 foraulas 2231 ths £f
)

0 <=ha2

The magnitude 2f “hes systzm traasf:sc func4%ion was Je==r-
mired exrerimentally +hroigh =ae us2 >f 2 Helamndltz coil, a2
scarce ¢of siausoidal cir-2nt and a so2c%rTum ai1alyzsr. Th2
experimer*al s2t up is illus<erazsl i3 Figur=2 2.10. A on2
turn Helmholtz coil with a 90.%51 a:ztszr cadius 2and 2 0.51
meter seperatiosn between :>0ils was 1521 =¢ orovids 2 cali-
brated magnetic fia2ld +0 tae s22sia3y 3il. Th2 s=snsing coil
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Pole-Zero Diagras for %74
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was placed concertric tc the dzlaholtz coil, and cznt=2ced
ver<ically, to =2rcsure a2 auniform wmagnetic field abou: %h
sansing coil. The maanatic £iell 4ip mhis rzgion of +he

holtz coil is direct231 along its axis and is given b

B =u,8N1/5¥5R (5)

+o “erms on the criez of (L/R), wharz L Zs +*he linear dimen-

sisn ¢f +h2 region, N is =hs npuabszr of *urns, 2 is zths

Helrool=zz ccili raiius 23zl I Ls  =hsz iriving cuzcznt Sl o=h:
ccil, Tre 3riving currsnt was produczd by a davz=zk signzl
generCacer 1od2l ¥unm

¢ measure *he 3ystem >utpu® toc
gsnerated hy hazmonics, By r2peatiigy the measyuramen=s at 2
nunber c¢f 3:ffsvrent frsjuenciss and  3dcive carrernts, ~h=
syetem =ransisr functicnh could bs aszsuced.

) The actual calibrmation wzs coaiuc<edl =2t ithe L2 Mesa
villzge gi=z using *he s2+<up illus<rcz2=-z24d In Figqurs Z.10.
Thz Helmheltz ccii, sznsinrg c¢2il 224 preamplifier wears
located approximately 40 m2<3-s £-om <he shack which hcoused
th2 rTemaiIndzc £ the experiment. ii-h *he H=2lmhol<z coil
disconrectz4 <he backgrcuni n e2=iz no

was reprateily examined %> ers

2.11 shows a typical backgrouand noisz plox £r

anzlyze: (the transfer fun=-tion has ac% been c=
diszinct featur=ss are Schimazxn r=s2 S

backgrcurd was low enough and stabl2 =2nough ¢
calibra~e the system. 2Jnly a%t the 3ch

u
+ha background subtract=2d £rom <hs nzasured cut
Calibration runs were condact=2] £:= ]

o)
aoplied calibrated magnectic £ield >f 0.02, J.2 27231 1.0

A A ma S Aad gt At ms SN . remreaue
T am . . o
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Figure 2.10 Systa2m Calibratiosn Experiamsnt
» nancteslas, PFigures 2.12 +hrough 2.16 show *he cesul=ing
calibra*ion curves of the 1land a1nl oczan nagre-ome+tsr
systems., The true *ransfar functior is cepressnted by ths

0.2 nT field. The
th2 system at

N A AT

TR

+isrer.

-

At 1 Jutpus vecltage

> measured magnetic Zield of 0.4 nT.

matched. Hz an

rakagi

abave 2 Hz.

The
magnitude of
data *o

iy

compu*a<ion of the =2quatisns,

“he “ransfsr func+<ions,

A0S P

+he +*heoratical transfer finz+i

This would b2 d2sirabisz if

section,

-y
-

YT

the protactive zensr iisdes

reprssen

sequirces

on of

laryer applisd £i=214ds show sazura=zion of
in the preconii-
At *he l~ow frequsncy <nd 21l *hs systems are clcsaly
of 1

A 1 nT fielld

indicates 2

is sa*ura+ed
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fit«ing +he
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+he sys—em +*ransfer Sunction neel bz es+imatzd., Ho
a

since the primary area >f interes+«

4

ut
.l
o
g o
o o
'—l
o
=
()
'
h
t1

rejicn, and since the phase respiis2 isg n d
varicus channels maybe assimed iden+ical, it was dsc
mocdel the <“ransfer func*ions in <tsramas of 1liaszar se
Th2 equa+tions derived in this mannar have a maximum erzor of
1" in +hLe range of tc 10 Hz 13ad 5% in ths 10 *o 20 Hz
range for =“he maanitude of <he ansfaz funtion.

In —he ac*ual compu*2tion eazh curve was broken inwd

CCLVenlern* s2gments <=ha*® >32uld De <C:zprasan=ed by a2 3=2-3igns
lize, The r£angs ©f <he sszgnern=s wsrsz J ¢ S Hz, 5 <z 7.8 4z,
7.5 =0 10 Hz, 10 £9 15 2 azi 15 «> 20 Hz. The szoszigh=
1iasz pacame=:s were camoi+2d fer 22ch segment to yield =2
series c¢£ fivse =2quatisns *¢ modzl =zach sernsiang zoil ani
ampliZicaticn sys=en. S22 apla [T £for +hs Individual

. Zrzansfs- functiorns.
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termiration of the p

pozvious work ccnductel ina =his a
decline cf aporcxima=ely -6 d3 p=2r 32

whzre “hey <2nd to decr=zse +“helr zat
i

4. 3Seard (1981) and A. C. Fraser=-3al

(1375), [Ref. 6].

PSD's is “he spike at 4 HZ ir the 1212
to be "aliasirg" 2f +£h2 3) Hz pow=ar

ate of 22 Hz; which, by the sampling =
clz2ar view of <he fregu2acy rangz 5¢
coupled with the 20 Hz cut-cff £iltsc i

measureé by P. W. Zlayton (1973} ani fo

i HEAERE o

? which is 10 higher +han the surcouniirn
:‘ 20 Hz filter, buils in*o the amplific
l% nerrally elimina<e frequenzizs in “his

¥

-

33
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A. POWER SPECTRAL DENSITY AND ALIASING

The overall value of *hs PSD's ‘s

IIT. QATA EVALUAIIDY

s in
« The
tave
2 n¢
day+im
and H
=h and

iata.

rid co

heoram
0 %o
n zhe
ur.d to
g da*a
a+tion

range

The first step in the analysis 2f ~he da*a collec+ed wvas
c

agcz2aent Wwith
PSD's have 12
from 0 =5 S5 Hz

Ore f£sa<ure of +the P3D's that differed from rzvious

This was fzcund

mponent by +he

PCY sampler. This expsriment was :zonducted with a sampls

, Should givz a
10 Hz, when

amplifiez,[Raf.

\Q

7% The 60 Hz ccmponr2at cf€ <+hs gaomaguetic field was

bs 4 (nT) /Hz,
“=2f. 8]. The

system, woulid

o
1y

ba<= cause of
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+ha great differences in magnitud: =his doa2s nc-

When the 32 “o 64 Hz rangz 1s convolvzd o
range the 60 Hz component will appsar at 4 Hz. This des*-oys
u

the usefulness of the data Za a small —region abour +his
point.

Apother point of Intera2s% is illastr-ated by -“he ver+ical
component o0f the ses da+a recordzi o>n Sevntembar 16, 1932,
rPigure 3.5. During *his zxperiment *hes Y-coll was crienzel
in a vertical ra*her +han <ths mor=s a2o5rtmal horizcn=zl dirzc-
zion. Zxamizazicn ¢ 4the Iz-:x sacws 17 <z 1% I3 Z=z2ctzzsz iz
*%z PSD., This is in agraszasnt wizh thée <Thoorv -ha*t, bsc3ausz
0% +~he ccean~-aic in%terface, g2om2gnztic wavas DInpagRT:
vertically in *he sea, this eliminatiag this componan=.

3. STCKZS TFARAMEITERS AND THEIR INTEXDPRETATION
Af*er *the ccllection 0of <h2 ia*a duriag Juns =3

Szo%ember 2% 1982, tnz prablem 2% hdoa =95 in*erprz=< i+ teczaz

a2 prime conczrn. During <he la<tzr oz2r-= of =his c©srizd a
CZmItu®s> 2Togr3m was dzvelenzd > de=grmine The Towsr
psctral Densiziles (PSD's)y by J.M. 3Schweiaer, OJctober 1982,

St

[2=2£Z. 5]7.

F- This program proviiei the basic s=ru a
da-~a poirnts off of magnstiz data taps arnd, =hkrough =h

cf a Fast Fecurier Transfora (FFT) ro>1tine and +ransfer func-

=

2 coherencs

[ +isrns, *0 computre +ths Jeomagnstisz £fluctuatisns in  ths
P. frzquercy domain. This program provided the basic forma+
}t which was expanded and moiifi=d to prodnuc= o+hzr varame=srs.
;f Tha derivations oZf =he =juatisns £57 “hese parcame*2rs and
“: +h2ir irterpre+ta*ion comprise the zZsnainder 2£f this ssc*tion.
]

d
The firs%* parameter t> De discissed is ¢
a

between =he different <channels on 1and ard s=2,. Coharernce

[ A Iast aen Bt aus aut SR anC
o
L

gives a measur2 9f <+ths "singleness® 2-f *he s>urce a%* +
X

vericus ZIfrejuencies, "Siaglen=2ss" in this contzxt zefars +

(8]
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[N

wha+ percen%ige cf the intansity at a1 £requency can be sa

to come from a single sourze. T> cSd>apute “he cohzrence one
first calculates the cross power spzac-ral densities between
the channels. For a givzn pair of chanrels X and Y, <he
cross pcwer spec+ral density(S ) iz d=2finsd:
N
er(fj)=1/N§X(f_; )Y (E)
n=1
In +his 2quation ¥ 1is =ns  aambsr >I blocks 3f &=z s=srn=
thccugk =he FFT end everz23=d; X(5;) 2n1 ¥(L;) a2z thz FPT's
al>ng =he appropciazte axis. Loe cahe:ence(ﬁ;) iz d2£ia=2d
as:
Sey(Z5)
/;(~J)= .
(Sx (55 %,(-J ))

¢z -he lané ja=a cohsrznzes wezm2 :11s0 deteruinel for <asz
-2 pilzrne and *hs Z-X nlanz. Fizuazss 3.7 2228 3.3 shew
*yopical Zani and sea cohszrances, Wizth 3ll <oils zozisn<=zd ina
“kz horizontal olane, Not e <hat on =hkz 1and zhe coherancs
s*ays vary close =¢ its maximum wvaius of one uatil approxi-
mate>y 7-8 Hz and then s+acts to dzcizass whilz2 in +he case
¢cf *he sez da*ta +thera is 1aor2 sStructure at <+he lcwer
f-zquencies., This type >f behavior is “ypical 22 most of +“h2
data, al*hough “he exact frequancy >f tas decliiz varias,

In addition *o <coherance, 35k2Kss parameters may b2

' 3
cr
.l
1]
n
w
(S ]
s
e]
[ ]
O
n
/)]
[]
m
g
[1)]
O
b
t4
[$
FJ

eran
¢ccapu+ed fzcm *he auto-spactral dzn
S et *h2 gescmagne=i

p-

Q

densities, They can be a
i

ll-

T
waves cn a bi-Linear basiz, a bi-Circalar basis or an ell

+ical besis.

~
W
]

Althcugh o*%her notazions are utilized f£for =he Sto
W

parame+ers, *he most common notatiosn; sC, s1, 52, s53; i1l
'@ be emplcyed here [Ref. 9]. Tha 3yzazwal form 2f “he S<okes

parametsrs are:
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c0=<a1d>4<az®>

s1=<a1 >-<321>
s2=2<21a2 zos§ >
s3=2<21a2 szin§ >

W

where a1 ard a2 are th2 <instantaneous anmplitudz of <h

"

ot hogoral components of <the magrnatic vec4er ani & is <bai

phase differsnce., In *s3ras ¢f the ai1*o5- and =ha cross-spec-
=2l Zensizizs =2te S=ckss DaTipz4ess Tin hHe woistsin:

£0=2 (5x +Sy)
£1=2 (3¢ =Syl
s2=U4R2 (Sy)
53=aIn(§7)

I* must be noted that th2 Stok2s pirame*ars wsre developad
originally <o d=2scribe monochroma+ic ligh< and can c¢cnly be
zpclied %o cur porotlem zfter -he 32:a hag baen -Iinsfcorme?d
<0 =*ne ir2quency domain. .
The pi-linsar basis interprezazisn 2% <he 3:9K2s partaae-
n

ters ca~ be seen by examiaing 2 s
cral 1linearly pclarizei wavas [
y

S*okes paramaters in this basis

e
S0=1/2 (B +B7)

12
s1=1/2 (B}-82)
Bx ByCDS (Q‘ °97 ’
By By Sin (8 -0, )

W
N
i

s3

F“ Arother basis wus=2:I1l for intezpretation Iis <hs2
L‘ bi-Circular basis, This basis is rapraszrted by “he superpo-
-~ sition of +%wo cou nter—cota:;nq circularly pclarizsd wavaes.
. In this basis the Stokes paramsters arcz:

R

.“.
ok P
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Figure 3.9 Basis for Interpretation

s1=238, B.cos ({, -¢.)
£2=23,B_sin (p, -¢_)
s3=B:-Bf

A firal basis of interpretazion is “he elliptical basis.

n
In this <case *he basis is modeled by +he major 2nd minor
axis vectors and the angls formed be:twssar “he (-2xis and *=h2

major axis of *he ellipse. From this basis “he S*ckes param-

etaTs are:

S0=1/2 (Bm* Ba)
£1=21/2 (Bm~Bu) =035 2
£2=1/2 (34~Bm) 512 2
S3=8yBm

R

A o Ao
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The Important point to note fron these differan+ basis
- sets is thaxt for a given wave form (linear, ellip+*ical, or
cicular) the Stckes param2tars, 2s compu*ed from the spec-

tral densities, are ths same in any basi
computed. This can be =asily visualizsd by *3iking a circ

u

larly cr linearly pclarizzd wave anl dstarmining +he valus

cf *the Stokas parameters i1 sach basis. It sesms that <hes
a

interpre+ations are most 2asily visuilized in nhz ellip«ical
basis. Consequently, iIn addizisn %2 “he S*0ok2s parane=2Ts
TL48 &ngle o Was compu=el o pake =iz Intisrprstaticn zeésiccr.
This anqglsz was calculatsd frem i3z 3Ifokss pazamzzzzs s1 and
s2 by =he =3quatica:
=1/2 arctzn(s2/s1)

Exampies of tha vesults 5f <he calsala+icns 9f <he Stckas
narameters 211 +he angliz ©& for land 2ard s=22 31373z ars
diszsplayed in Figures 3.10 20 3.19 T2tz *ha*t g1, =2, 212d =3
az2 nermelized by dividizg by sP. I z3ddi-icn, Zo7 =h: lazid
daza, =he same graphs wsre producsy fo- “hs ¢-7 plzas ani

is based c¢n asncchremazic

z ¢ -he applicapility e cuz

data of +the S4ckes param2ters ths 3I=sgrz2e ©f polarizatis
An

ly polarized monochroma=ic wave
2

g If the wave is parzially oclarized “hen s0 bzcomas grsa*er
- <har *he sum of <+h= squac-zs of *hs other *hr2e [REF.9]. 7o
X deteraire how clcse +o “h2 polarizzd zzse *hs 3ata liss, th2
E' degrzee cf polarization (P) can be caicula=aed. It is defineid

by,
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If P is one then +he wavs is perfac+ly polarized and any

anaiysis based on +the Stokes paramstars will b2 complet=2ly
accurate.

For values of P less than one “h2 analysis is corzas-
peadingly less valid. Howaver, £actors “hat d=zpend ornly on
s1, s2, &rd s3, such as th=2 angl2e< and *he elliptici=zy, arz
nct effected by low values of I1 such regisns *hz reciss
s e

Pe
he data 1

level iIs much higher ani ¢ nc=< easily interpra-ad.

The larni ani zea Itz ovacs in =heiz 72luss cf 2
deoending cn *hke 2ime 20f 33y 2and o2mazr unknown facg=ocs. It
gsnsral <hey both shew 2 1igh d=gr=ss 2f polacizzzicn =-hTough
3 4z wrile apbove =his fraguernzy 13 marcksd drcg c©ff zccucss.
I+ was 21iso no*ed that in the 1znd da%3 <the deg-ee cf peolar-
lza*ion is vir+tually idsntical in 2ll %hree planes. This is

fact aat +th2 pol

aooaren=_v due *o the
c

crisrnted alcng an

“hs pzcreztiicon ¢f the fotzl in+temsity  <hat czsaltzd fronm
pclarized waves T2malined ra2lazively cons-ant. (S22 Flagurss

Cne £inal tcol o¢f iaterprz+izison oI “hz dJzzz is =<hs
ellipticity 2f the wave (). The 2llip*icity is defirned by
+hz majecr and miror 131xis of th2 ellipsz,[Ref. 37.

Spacifically E is def

v
=]
()]
(a1}
(=2

(]

This car also be wri<tsrn in =2zms >F

o
e
D
[9;]
(e
Q
e
i
ui
e}
1]
(3]
o
z3
M
ot
D
"
v

as:
E=1/2 arcsin(sB/(s1z+szz+332) )

whare £ varies Swon T4 %> -/, Ths ia<erpratacion 2f E i3

illumina*ted by oonsiderin its dap n

elliptical basis., Tf£ E Is z2erc *h21 *“he minner
1

which means <he polariza*isn of <he wavz is
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th2 polerization is «circalac

handed sense, angd az E=-T/y +hs w

e of i rrry r‘wJ‘." Y

with a2 left-handed rotatina,

th2 polariza*ion of <the wave

iate
[

&

[~

F! is posi+ive or negative, The so
o th: ellipticity ¢he narzsower or
:f< beconmes.

E:‘ Foam Fiayur=s 3,24 2323 3,25,
t‘ bceh lardé and se2 daza iz gznsr-
- varying 12+ and righ 1aardedn

-
Py

while
~h2se areas [Ref. 9].

he

volariza<io

m
+

final resul=*

ged>magne*=ic wave can be 3I2-=znmin
“ha  =vypz 2f polarizatiol - “%
\ 2llip=ici=y and +*he orizitazior
3 polasizztion i3 also a123=2iz2d -c
;.
= valiidi-y »f =he iaterprzza<icn.
] Tzchniczl Repor*+ #§¥PS 61-33-005,

3]

s describzd in

C. COMPUTER PROGRAM DEVELDPEMENT

As rcted earlier +h2 abil:

ot

£

2]

ir 2 timely manner was
Ths

2T 1gXa

ep-ember 1982.

2and places it in the inpbut array.

64

handedness of 4hsz o>lariza=ioa

a
-

allzc

* -

3
o

I3
S

0]
' 1.
in
[11]

Tams“3rs <he nrnature 2f tha2
si. 3Specifically, -=c £iai
= wavys, 22 ComstlTIz ths
an33.2 o€, Tas Isgza2s 7
2z=alZlicsh <h3z Zsgczs 37
Nzv21 Sos=tgrziuate Schosl
c3ntains additional ole+s
his sec+icn.
AND DATA PROBLZMS
=0 precess lar3js zmcunzs of

pr-ciect

has b=sen cxvanded

to compu=e ali of +th2 faczwos lis~ed 1ia *=he Tavious
sac-lor, 1I*= consists of 3 main p-o2yr2am, a FFT subrou+ine,
anl a2 read subroutine. 1Az noted before *“he FFT subreu*ins
“zanpsfezs the data Into> the frequ2acy domain and <hs rseai
subroutine Tealds *he PCM I2%a from th2 3igital zomput=sr “2pa2

all and




male wsre in <he main o2rogram, tharefcre
program s iIncluded iIm Apo2ndix A. Tais prcgram, L
us2é ¢ evaluate only 3:az land datxa. The v

pcogram used +tc evaluzt2 *+ha s2z 3ata

§2
{
}s

Landxyz with *he £follo

functicnes are us

902-3%ing sSys+<sm ol =he coapuzss 4o tsll
jebs., 3rpecifically wha® inpu= and sutput devices <2 use 2123
Lew much memdcty +9 allocazz *o  +h:z orogram
of its execu*ior. (In zh2 pr

o
by <he //%s 27 the s*art >f 2ach linz o€ <his ¢
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N A. CONCLUSIONS

cemputer program and proczlures to intarpre+«

exparsicrn of +the basic prd>gram td> Z9m

——

‘ taicn angle, 2rd the ellioticity woul?
fl fied the requiremen<. Thz major 4drawback
e th2  l1imZted amount of 3ata that <can be
Teasonadie time. At most the currza: orograms

evaluatirng only S5S-6 hours >€ land and sea Jda-~
focur period. This is primerily iuz =c *ape
' ¢ ability, but the requirensn* 5f “h2 man-hours
) re-recording on digi+*al +tipe and filing these
ccaputer center carnnot b2 discountzi. The 4
system has -eached *“he s=13e whar2 liz32 2amoun

.

be evalue*ed bu*t it is not ye+t ready

—rywwre
N

nuosus tasis.

“! As sta+tz2d zarlier nvpar: cf the obijective
1 w23 *o calibza+s, install =123 cpscats ths 1
: +hz Naval Pcstycsaiuate Schoyol's gzonzgnetic 4
* sys-<em. Thls was generally succassfully a2compl
i‘ exzsption ¢f dsarada=ion 2f 4daza or>duced by
1 ncley la Mesa sl-=2 rathas thaan th: 1do-2 Temo:

p
Stokes parametars, degree of poiariza+ion, ell:
a

IV. CONCLUSIONS AND RECOYMENDATIONS
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B. RECOMMENDATIONS

The firs= recommendation is tha: the Ada*a transamission

problem be solved so tha* the Zhew'!s ridge si“s can be cper-
at2d on a2 continuwus basis, This has two advantages; in ths
improvement Iin the quality of ths sampling environment an

in givirg 2 con*iuous 3a=2 stream *+ha% can be <recordzd a=x

appropriate intervals to previde a3 long term jata base from
which i1cw fraquency *rends could bs observed.

Imprcvemen couwid 3a1sd> be a2is in =he 3tsa oI daz2
poocessirg. Specifically, 3 new az-hsd 2f da=-z handling i3
neaded. Several al*ernatives =zxis<s, the £irst being =h=

s
acyjuisiticn of the projscts 2wn dec

p)
dzive %o previde a digital tap2 of 2 highar d=nsity “han can
b

row be mads., This weculd make i+ possih

Zcld reluc=ion in the rnemadzr ¢f <%apss nzossgsavty t2 hold ths
dazta zné wculd 2lso giva <faster zuacn  azound <ime Aduripz
praocessing due =¢ the ipcrzased nuambsz of =aps i-ives aval-
l2ple 2= *h= comroDuter caniarT. Jzhz: da*z h2n3ling schenmss
&2 aisc I=zasipls if %as prTobiszm 2f how *o zZ2z3i ia=a foen

ares Intd> *he nass 3I:torage system »¢F  *ha2

computer can be overcome. This wculd make i+ possible tTc cun
programs in other ther ta2 "hatch" m>4z and avoid =zhe use of
~ape drives *o gain accass *c the 1ata,

b @
I

53

PP

I 4 _ o e e R L




" .‘-Tﬁb_?“,-“ - oy v ng " —

1%
yo
-

NDIX A

//LANDXYZ JOB (1573,0129),"' POGUE
//7*4AIN ORG=NPGVM1.1573P,LI NES=(99)
//*TORMAT PR,DDNAMI=PLOT.SYSVECTR,DE3I=LOCAL
// IXIC TRTACLG?,RIGIGH.GI=3003K
//FCRT.SYSIY DD *
INTEGEZR*2 IN(16)
o AZRAY 'IN' IS USED LN READING DATA FROM TAPT
COMPLEX#*8 XX (8192) ,YY (3192),2(3192)
COMPLEX*8 SXY (8192),SYZ (8192),5Z1(8192)
THE COMPLEY*S ARRAYS ART USID PO 0RIDER INPUT
DATA AND INITIALLY R EPREZSENTS VOLTAGE-TIME
SERIIS IWTFORMATION

S4C 1573',ZLASS=F

DIXSNSION
ZENSION
{INSION
DIAENSION
DIMENSION
DIMENSION
DIMENSI ON
DIHZNSION
DIMENSION
DIMENSION

3
4

2
IR
e

TINE (8192), PREQ (8192) ,WORK (16384) , F202(53192)
7% (3192} ,5¢ ($132) ,22(3192)

SOXY (8192), SOYZ (8132) ,S02X (8192)

S1XY (8192), S1YZ (8192) ,S1ZX (8192)

S2XY (8132), S2YZ (8132} ,S2ZX (8192)

S3XY (8192), S3YZ (8132), 532X (8192)

COXY (8132), COYZ (8192) ,COZX (8192)

AXY (8192) ,A ¥Z (8192) ,A2X (8192)

XY (8192),2YZ (8192) ,22X (8192)

DEXY (8192) , DEYZ (8192 ,DEZX (8192)

THE 'Z' ARKAYS RZIPRESENT FREQJIZNCY LOMAIN (FFT)
MAGNITUDE DATA AND ARE EVENTUALLY CONVERTED TC

PCWEP SPECTRAL DENSITY INFORMATION, COXY IS COHERENCI
MEASURED X TO Y. AXY IS THE AVGLZ BETWEEN THE MAJOR
AXIS OF THE ELLIPSE AN¥D THZ { AXIS. PXY TS THE DEGREF
OF POLARIZATION IN I'HE ¥-Y PLANE.

DEXY Is THE ELLIPTICITY IN THE X-Y PLANE.
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INTEGEZR*U TIT3(12)/12%0/
REAL*U RTB (28) /28% 0.0/
REAL ALAB (11) /'X', 'Yt 121 ,1CY, 150,151 ,1521 1531, 02"
' LDV, 'EV/
REAL*8 TITIE(12)
ZQUIVALENCE(TITLE(1), RT3(5))
AERAYS 'ITB', 'RTB',* ALAB',AND *TTTLE' AR® USED IN
THE VERTSATIC PLOTTZ® OUTPUI.
ATy KX ,YY /15 3Rux (D, ,0.Y/
JATA 2/8192%(0.,0.)/
DATA 2X,27,/16384%0./
DATA COXY, SOXY/16384%0./
DATA S2XY, S3XY/16384%0./
DATA S1XY,S172/16384%0./
DATA COYZ,SOYZ/16384%0./
DATA S2YZ,S37Z/16384%0./
n47A COZY, S0ZX/16331%0./
DATA S2IX,S32X/16334%0./
ATA 72,7330/15384%), /
ATA AXY,AYZ/16384%), /
AZX, S 12X/16384%) ./
PXY, PYZ/16384%). /
PZX,DEXY/1638u%) ./
DEZX, DEYZ /163840, /
2=6.2831653
~HEZ FOLLCWING SECTION RZADS THE DECODED PCM DATA OFF
mHE DIGI TAL TAPE AND FOF EACH CHANNZL SKIPS IVIRY
OTHZR SAMPLE POINI.
ISEC=3
ITL=ISEC*32
ITL=300
DO 55 JJ=1,ITL
CALL 3D(20,IN,200,IR2C,IRR)
L S5 CONTINUZ
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IFRAME=8192
NR=16

FNR=FLOAT (NR)
DO 70 L1=1,NR

THE DO LOOP ENDING #ITH STATEMENT 70 ENABLES THE 2RO~
GRAM TO PROCESS A LARGE AMOUNTI OF DATA BY REPEATTING
THY PROCESS IN BLOZXS. THE DATA POINTS FROM FACH RON
THROUGH THE DO LOOP ARE ADDZD IJ3GETHZR AND EZVENTUALLY
AVERAGED 2Y THE THE NUMBER JF TIM

ty
-3
ja+]
jee]
Q
c..
;r‘

THT LOO?
VIRY IIZPRESZNTS ITHE NUMBZIR JF DATA ZEQUENCES TO BE
AVERAGED

1 SZQUENCE CURRENTLY ZQUALS 38122 DATA POINTS FOR ZACH
CEANNEL OR 256 SZCONDS AT A SAMNPLEZ RATE 2J2F 32 CPS.

o2C 60 JJ=1,IFRAME

CALL RD(20,IN,1000,IREC,IRR)

XX (3I)=IN (2

YY (3J) =T (3)

2(ZJ) =18(4)

CCUTINUZ

wrIT2(6,200) IRR,IR=C

FORMAT(10X,'IRR=',I5,5X,'IREC="',TI6,/)
THIS SECTION GENERATES THE TIME AND FREQUEZNCY
ARKAYS AND NORMALIZES THE INPUT PCM DATA TO VOLTAGE
IN EREPAGATION FOR FAST FOURIER TRANSFIRH TO THE
FTREQUENCY DOMAIN.

N=8192

FN=PLOAT(Y)

DELTAT=1./32.

T=FN*DELTAT

DELTAF=1.0/T

DO 20 J=1,N

TIME(J)=DELTAT*FLOAT (J)

FREQ (J)=DELTAF*FLOAT(J)

£X (J) =(XX (J) -2045.5) *10./2005.5
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XX (J) =REAL (XX (J))
YY (J)=(YY (J) -2045.5) € 10./2045.5
YY (J) =REAL (YY (J))
Z(JY=(2(J) -2045.5) *10./2045.5
Z (J)=REAL (2(J))
c 'XX' IS THE X-COIL DATA, 'YY' TS THE Y-COIL DATA,
20 COUTINUE
4RITE(6,900)X,Y,2?
231 CoOuTINUZ
pCc 21 3=1,¥%
PRQ2 (J)=ALOG10 (FRZQ(J))
21 CONTIYUE
c THE NEXT 3 STATEAENTS PERFIEY AY FFT ON THI INPUT
C TIME SERIZS DATA.
CALL FOURT (XX,N,1,-1, 0, #ORK)
CALL TOURT (YY,N,1,-1,0,W0RK)
All TOUST(Z,¥,1,-1,),7CRK)
TFIS B3LOCK OF STATEZAZUTS APSLY THI SYSTIN (VOLTAGE 12
-PT3LD) TRANSFER FJNCTIGON T THEZ TRAVSFIRMED
FREQUENCY DOMAIN DATA, THIS BLOICK ENDS aT 9.
THE TRANSFEP FUNCTION CONVERTS VOLTS TO NANOTESLAS.
Ak xkXTARN ING *xkxk
THIS TRANSPER FUNCTION IS 500D TOR MAGNITUDE ONLY.
DO 9 L=1,N
FEG=FREQ(L)
IF(FRQ.LE.25.) GO TO 1
XX (L)=XX(L)/28.
GO TO 8
1 IF(FRQ.LE.15.)GO I0 2
XX (L) =XX(L)/(105.5-3. 14 *FRQ)
YZ(L)=YY(L)/(181.32-7.588%FR))
Z(L)=2Z(L)/ (177.26-7.484%FRQ)
GC TO 8
2 IF(FRQ.LE.10.)GO T0 3

(@)
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XX (L)=XX (L)/(5.958*FRQ-30.97)
YY(L)=YY(L)/(7.166*FRQ-39.99
Z(L)=Z (L) / (6.4 9%FRQ-32.33)
GO TO 8
IF (FRQ.LE.7.5)GO TO 4
XX (L) =XX(L)/(3.492%2RQ-6.31)
YY(L)=YY(L)/(4.252%FRQ~10.35)
Z (L) =2 (L) / (4. 044%*FR)~7.89)
GO To 2
IF(FRQ.LZ.5.1G0O T2 3

XX (L) =XX (L)/(2.6311%PRQ+0.146567)
YT (L) =YY(L)/(3.012%FRQ~1.55)
Z(L)=Z(L) / (3. 184%FRQ- 1.044)
GO TO 8
I7 (FRQ.LE.3.)GO 70 5
XX (L) =XX(L)/(2.6311%FRQ+I. 14557)
T7(L)=Y1(L)/(2.702%73 Q)
T(L) =2 (L) / (2. 32%FR D)

S TO 8
XX (L) =XX(L)/(2.72%F3))
GO TO 7

8 CONTINUE
9 CONTINUE

THIS BLOCK, ENDING 4ITH 30, T4E MAGNITUDEZ OF THE
FEEQUENCY DOMAIN DATA IS TAKEY AND PLACED IN A REAL
ARRAY,'ZX' FOR THE X-COIL,'ZY' FOR THE Y-COIL AND ZZ
FOR THE Z-COIL. THIS DATA IS DIVIDED BY THE YUM¥BFR OF
SAMPLZ POINTS AND SQUARED T DETZRMINE PJWER.

DO 30 I1=1,X

ZX (T1)=2X (I1) + (CABS(XX (I1)) /FN) *%2
ZY(I1)=2Y (I1) + (CABS(YY(I1)) /FN) *%2

2Z(I1) =22 (I1) + (CABS(Z (I1) ) /FY) &*2

SXY(I1)=SXY(I1)+ ((XX(I1)/FN)*CINIG(YY (I 1) /FN))

COXY(I1)=COXY (I1) +CA3S((XX(I1)/FY) *CONJIG (YT (I1) /FY))
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SYZ(T 1) =SYZ(I1)+ ({YY(I1)/FN)*TINJIG(Z(T1)/FN))
COYZ(I1)=CCYZ (I1)+CABS((YY(I1)/FN)*CONJIG(Z (I1)/FN))
SZX(T1)=SZX(T1)+((Z(I1)/FN) *CO¥IG (XX (I1)/F¥))
COZX(I1)=COZX (I1) +CABS( (2 (I1) /FN) *CONJIG (XX (I1) /FN))
30 CONTINUE
70 CONTINUE
THIS BLOCK AVERAGEZS THZ DATA P2OINTS ADDED IN BLOCK 30
AEOVE BY 'NR'. AT TIIS$ POINT I'4E POWER CURVES ART
CCYVIATID INTC P2W3IR S$SICTR2AL -oNSITITS.
THE COHZRINCZS AND STOKES PARAWITERS ART
COMPTTED IN ALL THYRIE PLANZS.
DO 33 I3=1,N
S2XY (I3)= (REAL (SXY (I3)) /FNR) *4.
S3XY (I3)= (AIMAG (SXY (L 3))/FND) *4.
S2YZ(T3) = (SEAL (SYZ (I3)) /F NR) *4.
S3YZ(T3)= (AINAG (SYZ (I 3))/FNR) *4.
SZTX(I3) = (PZal (SZX (Z3)) /7 NR) %4,
S3ZX(I3)= (AINAG (SZX(T 3))/PHR) *4.
COTY (T3)= (COXY (T3} ) /3QRT(ZX(I31 *2Y (T3))
COYZ(I3)=(CO7TZ(I3))/SQRT(ZZ(I3) *2Y (I3))
COZX (I3)=(COZX (I3))/3QRT(ZX (I3 *22Z (I3))
ZX (I3)=2X (I3) *T/FNR
ZY(I3)=2Y (I3) *T/FNR
22 (I3)=22 (I3) *T/FNR
SIXY(I3)=((ZX(I3)-2Y(I3)) /T) *2.
S1YZ(I3)= ((ZY (I3)-2Z(I3)) /T)*2.
ST1ZX(I3)= ((ZZ (I3)-2ZK(I3)) /7) *2.
SOXY (I3)= ((ZX(I3)+27(I3)) /7)*2.
SOYZ(I3)= ( 22 (I3)¢2Y (I3)) /7) *2.
SOZX(I3)= ((ZX(I3)+2Z(I3)) /T) *2.
33 CONTINUE
c THE NEXT DO LCOP CONVERIS THE B-FIELD POWER SPECTRAL
DENSITY INTC DECIBELS REFERENTZD 70 1 VANCTEISLA *%2
2ZR HERTZ.

O O 0 o 0O
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DO 32 I=1,N

ZX (I) =10. *ALOG 10 (ZX(I))

ZY(I) =10. *ALOG10(2Y(I))

22 (T)=10. *ALOG 10 (22(I))

CONTINUE

THZ NEXT BIOCK ELIMINATSS THE FIRST 10 DATA DPOINTS S0
THAT THE PREQUENCY IS .0% TC 1) HZ.

$1,52, AND S3 ARE NIRMALIZED BY S).

2ZGREI OF SULARIZATION, OAIZNTATION ANSLE aliHa,
AYD THE TLLIPTICITY ART ALSO I2L73ID,

DC 950 I4=1,8182

FREQ(I4)=7 REQ (IU+10)

TRQ2(I4) =FRQ2 (I4+10)

24 (I4)=2X (I4+10)

7Y (I4) =27 (I4+10)

ZZ (T4)=2Z (T4+10)

CCXY (Id)=COXY (IU+1J)

S1XY (T4) =S 1XY (T4+10) /SOXY (TU+1D)

S2XY (I4)=S2XT (I4+10) /SOKY (TU+13)

S3IXY (T4)=S3XY (I4+15) /SOXY (I4+1D)

DXY (I4) =SQRT (ST1XY (I4) **2+S2X7 (T4) **2+S3(Y (TU) **2)
DEXY (I4)=0.5%ARSIN (53 XY (I4) /OXY (T4))

SOXY (I4)=10.*AL0OG10(S0XY (T4+10))

COYZ (I4)=COYZ (I4+10)

S1YZ (T6)=S 12 (T4+10) /SOYZ (I4+1I)
S2YZ(I4)=S2YZ (T4+10) /SOYZ (T6+1))

S3YZ (I4)=S3Y2 (Tu+10) /SOYZ (Iu+1D)

PYZ(IV) =SQRT (STYZ(I4) **2+S2YZ (I4) **2453Y2 (T4) x%2)
DEYZ (I4)=0.5*ARSIN (33 YZ (I4)/PYZ (I8))

SOYZ (T4)=10.%ALOG10(S0YZ(T4+10))

COZX(I4)=COZX (I4+10)

S1ZX (I8)=S 12X (T4+10) /SOZX (I4+1D)

S2ZX(I4) =S 22X (T4+10) /SOZX (Tu+ 1))
S3ZX(I4)=S3ZX (T4+10) /SOZX (Td+10)
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PZX (TU)=SQRT (S 12X (TIU) **2+S2ZX (I U) **24S3ZX(I4) **2)

DEZX (I4)=0.5%ARSIN (S32ZX(I4) /PZX (I4))
SOZX(I4)=10.%ALOG10(SOZX(IL+13))

AXY (I4) =AT AN (S2XY (I4) /SIXY (I4) s /2.
AYZ (T4) =ATAN(S2YZ(I%) /S1YZ (I4)) /2.
AZX (T4) =AT AN (S2ZX (I4) /S1Z2X (I4)) /2.

950 CONTINUE

ZXSATEC 2LQOTS

N273=10./DZLTAF +1.
YNPTSY DETEZRMINZES NUMBER OF 2J3INTS NECESSARY
FOR THZ 0 70 10 HERTZ RANGE IO BE 2LOTTI=D.
TOR THE 'ITB' AND 'RTB' VALUSS RZVIZW THE WRITE-UD
FOR THE SUBROUTINE PROCEDURE 'DRAWP'.

IT3(3)=7

IT2(4yV=5

IT3(N =1

ITZ(12)y =1

ETB(1)=0.0

3TB(2)=0.0

RTB(3)=ALAB(1)

RZAD(5,3000) TITLE

CALL
RTE (3
READ (
CALL
RTB (3
READ (
CALL
RTB (3
READ (
CALL
RTB (3

DRAWP? (NPTS,FRQ2, ZX,I TB,RI3)
)=ALAB(2)

5,3000) TITLE

DRAWP (NPTS,FRQ2, Z2Y,ITB,RIB)
) =ALAB(3)

S,3000) TITLE

DRAWP (NPTS,FRQ2, 27,1 TB,RT3)
y=ALAE(4)

5,3000) TITLE

DRAWP (NPTS,RQ2, CCXY ,IT3,3TB)
)=ALAB(5)
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READ(5,3000) TITLE

CALL DRAWP (N2TS,FRQ2, SOXY,ITE,RTB)

RTB (3) =ALA B(6)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, S1XY,ITB,RTB)

RTB (3)=ALAB(7)

RIAD(5,3000) TI TLE

CALL DRAWP (NPTS,FRQ2, S2XY,IT3,3TB)
{3} =AL3 R (3)

3FAD(5,3000) TITLE

ALL DRAWDP (N®TS,T202, S3XY,ITB,3T8)

T3 (3)=ALAB(Y4)

READ(5,3000) TITLE

CALL DRAW? (NPTS,FRQ2, COYZ,ITB,3TB)

RTB (3) =ALA B(5)

XZAD(5,3000) TITLE

CALL DRAW¥D MPTS,F232, S77Z,I78,275)

273 (3)=ALAB(H)

2Z42(3,3000) TTTLZ

CALL DRAWD (N2TS,PRQZ, S1YZ,IT3,378)

ETE (3) =ALAB(7)

22AD(5,3000) TITLE

CALL DRAWD (NPTS,7RQ2, S2YZ,ITB,RTB)

ETB (3)=ALAB(8)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,PRQ2, S3YZ,ITB,aTB)

RTB(3) =ALA B (4)

ZEAD(5,3000) TITLE

CALL DRAWD (NPTS,FRC2,COZX,ITB,3TR)

RT3 (3)=ALAB(S)

READ(5,3000) TITLZ

CALL DRAWD (NPTS,FRQ2, S0ZK,ITB,2TE)

RTR (3) =ALA B(6)

READ(5,3000) TITLE

w0
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CALL DRAWP (NPTS,FRQZ, S12X, ITB,375)
RTE (3) =ALAB(7)

READ (5, 3000) TI TLE

CALL DRAWP? (NPTS,FRQ2, S22X,IT3,3TB)
RTB(3) =ALA 3(8)

READ(5,3000) TITLE

CALL DRAWP (N?TS,F&Q2, S32X,ITB,&IB)
2T3(3)=aALAE(9)

IIAD(5,3937) TIoLz

CALL DRAWP (NP7S,PR02, X7, IT3,3T
RT3 (3)=aL12(10)

3TAD(5,3000) TITLE

CALL DRAWD? (NPTS,PRDJ2, °XY,IT3,RTB)
RTE{3)=ALAE(11)

RIAD(5,3000) TITLE

CALL DRAWD (¥2TS,FRQ2, DEXY,ITB,&IB)
TI5(3)=ALA3(3)

9T4D(5,3000)TTTLS

CTALL DFAWS (NDT3,F302,A3VZ,ITE,2I3)
ATZ(3)=ALAE(10)

READ(5,3000) TITLZE

CALL DRAWD (NPTS,F2Q2, PYZ,ITB,&IB)
RPTE(3) =ALAB(11)

RZaD(5,3000) TITLE

CALL DRAW? (N2TS,FRQ2, DEYZ,ITB,2IB)

W

)

2T3(3)=ALA2(9)
RTAD(S5,300C) TITLE
CALL DRAWD (NPTS,FRQ2, AZX,ITB,R3)
o BTE (3) =ALAB(10)
- RZAD(5,3000) TITLE
| CALL DRAWP (NP7S,FRQ2, PZX,IT3,RIB)
{ 3TE(3)=ALAE(11)
o REZAD(S5,3000) TITLE
[ - CALL DRAWP (N?TS,FRQ2, DEZK,IT3, 3TE)
5 79
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300 FORMAT (6A8)
STOP
END

//LKED.SYSUT1 DD SPACE=(
//30.SYSIN DD *
LA MESA SITE, 16 SEP 82,
2SD OF ¥-COIL. A¥P IN DB
14 43SA SITE, 16 S22 32,
PSD OF Y-COTL. AXP IY DB
L1 M3SA SITZ, 16 ST? 82,
PSD CF 7-COTL. AYP TN DB
LA MESa SITE, 16 SEP 82,
COHZIRENCZ OF X § Y COILS
LA MZSA SITZ, 16 SZP 82,
SO(10L0G) VS FREQ(HZ)

1A MESA SITEZ, 16 SEZ? 82,
S1/50 7S FPRID(HZ)
IA M2ZSy SITZI, 16 SED 22,
52/S0 VS FTREQ(HZ)

La 4ZSA SIT3I, 16 SIP 82,
$3/50 VS FREQ(HZ)
LA MESA SITZ, 16 SEP 82,
COHERENCE OF Y & Z COILS
LA MESA SITZ, 16 SEP 82,
SO(10L0G) VS FREQ(HZ)
LA MESA SITZ, 16 SEP 82,
$1/50 VS FREQ(H3Z)
LA ¥ESA SITZ, 16 SEP 82,
$2/50 VS FREQ (HZ)
LA MESA SITZ, 16 SEP 82,
$3/50 VS FREQ(H2Z)
LA MESA SIT%, 16 SEP 82,
COHZIPENCZ OF Z & X COILS
LA MESA STTZ, 16 3ZP 82,

U]

1024, (200,299))

1250-1330 LOCAL
ILF NT**2/HZ VS
250-1330 LICal
ATF NT**2/47 VS
1250-1330 LIZAL
TP NT**2/HZ VS
1250-1339 LIZAL
VS TREQ(HZ)
1250-1330 LlCaL
X-Y PLANZ
1250-1330 LJZal
=Y PLANT
1256-1330 L2CAL
i-Y oL
1250-1330 L3CaAL
X-Y{ 2LAYZ
1250-1330 LICAL
VS FREZQ(H2Z)
1250-1330 LJICAL
f-2 PLANT
1250~-1330 LICAL
Y-2 2LANZ
1250-1330 LJZAL
{-2 PLANT
1250-1330 LICAL
f-7 PLAYT
1250-1330 L)AL
V3 FREQ(HZ)
1250-1330 LICAL

[ 39
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SO(10L0G) VS FEEQ(HZ) Z-X PLANE
LA MESA SITE, 16 SEP 82, 1250-1330 LOCAL

S1/S0 VS FREQ(HZ) Z-X PLANZE
LA MESA SITE, 16 SEP 82, 1250-1330 LJCAL
S2/S0 VS FREQ(HZ) Z-X PLANC
LA MESA SITE, 16 SIP 82, 1250-1330 LJOZAL
$3/S0 VS PREQ(HZ) Z-X PLANZ
La #2sA SIT=, 16 SEP 82, 1250-1330 LJICAL

—_ -

AST V3 TRIQ(H7I)

L) 4283 sITE, 15 SEP 82, 1250-1330 L3ZaAL
DEGRZIE CF POLARIZATICYN VS FREQ(E2) i-Y
LA MP?SA SITZ, 16 SEZP 82, 1250-1330 LJCAL
FLLITICITY VS FREQ(HZ) (-7 PLANE

LA MZSA SITE, 16 SEP 82, 1250-1330 LOCalL
AYZ VS FREQ(HD)

A 42SA SITEZ, 16 SEP 82, 1253-1330 LJZAL
JZGFEZS CT7 POLARIZATION VS FERI2(HZ) -2
LA MISA SITI, 16 SzZT? B2, 1250-133) LICZAL
ZLUITICITY 7S TREQ(HZ) ¥=-2 PLANE

16 SZIP 82, 1250-1330 LIOCAL

4

)
3

4

t-4
e
1§93
g
w
e
w0
H
3
(O]
-

(@1

z, 16 STP 82, 1250-1330 LIZAL
2OLARIZATION VS FRFQ(HZ) Z-X
1A MESA SITI, 16 SZTP 82, 1250-1330 LICAL

ELLITICITY VS TREQ(HZ) Z-X PLANZ
/*
//3C.FT20F001 DD UNIT=340)-4,V0L=SER=3MDT52,DISP=(0LD,KZED
V4 LABIL=(1,¥L,, I},
// DCPB= (RECF¥=F8,LRECL=32,BLKSIZE=512,D2¥=2)
/*
//
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